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LOW-TEMPERATURE, LONG-TIME HEATING OF BOVINE MUSCLE

SUMMARY —Polyacrylamide gel electrophoresis was used to follow changes in the nature of the
water-soluble proteins and juices of bovine muscle during low-temperature heating. The slowest-
moving anodic proteins were coagulated first. The myoglobins and myoalbumins were altered
significantly only by holding the meat at 60°C. The largest changes in tenderness and amount of
water-soluble material in the meat occurred at the same temperatures under which the slow-moving
proteins were denatured. The most heat-sensitive proteins detected were denatured before there
were significant changes in tenderness or water-soluble substance content.

INTRODUCTION

RANDALL et al. (1967) found 3 ca-
thodic bands and 13 anodic bands using
starch gel electrophoresis of the water-
soluble fraction of bovine skeletal muscle.
Scopes (1964) has shown that myo-
albumin is the fastest-moving anodic band
in sarcoplasmic extracts. Quinn et al.
(1964a; 1964b) found at least 3 myo-
globin bands, the slowest being the most
predominant. Randall et al. (1967) ob-
served 2 pigmented bands, the 6th and
7th from the anodic end, the faster being
the more intensely colored. Rowland et
al. (1968) found 1 major myoglobin band
and several more rapid forms using poly-
acrylamide gel electrophoresis. -

Most of the sarcoplasmic proteins co-
agulate when bovine muscle reaches
40—60°C (Hamm, 1966). Grau et al
(1963) showed that the proteins migrat-
ing in an electric field with the greatest
velocity were denatured the most easily,
although the cathodic proteins were more
stable (Lee et al., 1966). The juice from
cooked meat shows different electro-
phoretic patterns from the cooked juice
of raw meat, which Lee et al. (1966) sug-
gested was due to an influence of the
myofibrillar proteins. Quinn et al.
(1964a; 1964b) found that the 3 myo-
globins evident in their electrophoretic
patterns were not affected by heating to
55°C for 5 min.

The objective of this study was to re-
late changes in the electrophoretic pat-
terns of water-soluble proteins and juices
obtained from bovine muscle during low-
temperature cooking to changes observed
in the tenderness, water-holding capacity,
pH and amount of water-soluble protein.

EXPERIMENTAL

LONGISSIMUS, rectus femoris and semitendi-
nosus muscles from Hereford steers were heated
at 0.1°C/min to holding temperatures of 37, 45
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and 60°C. Samples were withdrawn periodical-
ly during the heating program for the various
measurements. The freeze-dried water extracts
were used for the electrophoresis. Details on
muscle preparation, heating program and ex-
traction of the water-soluble material were pre-
sented in the preceding paper (Laakkonen et
al., 1969).

The method for vertical polyacrylamide gel
electrophoresis presented by Thompson et al.
(1964) was modified for this study. The gels
were 6% in polyacrylamide and 4.5 M in urea.
The electrophoresis cell was buffered to pH 8.2.
Gel formation was catalyzed by addition of
0.2% ammonium persulfate. 40 mg of the

2. Changes in Electrophoretic Patterns

freeze-dried water-soluble fraction was dis-
solved in 0.5 ml distilled water, the solution
saturated with sucrose and 2 drops of brom-
phenol blue added. Electrophoresis was done at
6°C for 7 hr. The initial current was set to 50
mA and increased 5 mA every 15 min until the
voltage reached 250 v. The voltage was then
kept constant to the end of the run. The gels
were stained with Amido Black 10B and de-
stained with 7% acetic acid. They were stored
in the destaining solution until photographed.
Histograms were constructed such that the
width of the bar indicates the width of the
band and the height indicates the estimated in-
tensity. The distance migrated relative to the
front is indicated by the position of the bar on
the abscissa.

RESULTS
AS EXPECTED, the electrophoretic pat-

terns of the water-soluble material from

raw meat shown at the top of Figure 1}
are similar to those obtained by Randall
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Fig. 1—Electrophoretograms of freeze-dried water-soluble proteins
from samples heated to 60°C at 0.1°C/min and held for 10 hr total
heating time. Muscles: I.d. = longissimus, r.f. = rectus femoris. Control:

rectus femoris heated to 80°C.
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Fig. 2.—Electrophoretograms of freeze-dried meat juices (drip) exuded
from samples heated to 60°C at 0.1°C/min and held for 10 hr total
yeating time. Muscles: I.d. = longissimus, r.f. = rectus femoris. Control:
rectus femoris heated to 80°C. The pattern for water-soluble proteins
from unheated rectus femoris is included for reference.

it al. (1967). Although 17 anodic bands
are present, the higher pH used in the
present study may have changed some
proteins from a net positive to a net nega-
tive charge. The 5 slowest-moving bands
were difficult to differentiate, but they
included 2 intensively stained zones,
bands 14 and 16. Band 7 had the most
intense meat color prior to staining, but
band 8 was also colored. Bands 5 and 6
were more weakly colored. This agrees
with the results of Quinn et al. (1964a;
1964b) and Rowland et al. (1968). In
fact, it confirms Quinn’s postulation of 4
myoglobin bands. Sharp bands were not
always seen, but stained areas are de-
picted in the figures since they disap-
peared with continued heating.

Figure 1 shows the changes in the elec-
trophoretic patterns during heating.
Bands 9—11 were the most heat sensitive
and could not be extracted from muscle
heated for 4 hr (50.5°C in the center and
520°C on the surface). Bands 14-17,
the slowest-moving, started to blur and
disappear from extracts of meat cooked
for 5 hr. The myoglobin bands, 5-8, ap-
Peared to remain unchanged until the
holding temperature of 60°C had been
teached. Following this, the amounts of
Mmyoglobins decreased gradually for the
rest of the holding time. The myoalbu-
Mmins, bands 1—3, were not affected until
the meat reached 52°C. Band 3 was dif-
Use in extracts of meat heated to 57°C,
then djsappeared. In raw and partially
fare meat, band 1 was more intense than

ence).

band 2. At 60°C, this was reversed. Ex-
tracts from the control sample, heated to
80°C in 1 hr and held 1 hr, had only a
trace of protein-like material and that did
not leave the origin.

Figure 2 shows the changes in the pro-
teins of the meat juice (drip) exuded

-from the samples.
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Fig. 3.—Electrophoretograms of freeze-dried water-soluble proteins
from samples heated to 37, 45 and 60°C at 0.1°C/min and 80°C at
0.8°C/min. Muscle: longissimus (r.f. = rectus femoris shown for refer-

Below 45°C, the
amount of juice was very small, as re-
ported in the preceding paper. The most
heat-sensitive bands, 9—11, did not ap-
pear in these electrophoretograms. The
slowest group of proteins was more clear-
ly defined and unchanged in the juice
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Fig. 4.—Electrophoretograms of the freeze-dried juices (drip) exuded
from samples heated to 37, 45 and 60°C at 0.1°C/min and 80°C at
0.8°C/min. Muscles: r.f. = rectus femoris, s = semitendinosus. The pat-
tern for water-soluble proteins from unheated rectus femoris is included

for reference.



than in the extracts. After 7 hr of cook-
ing, the myoglobin bands were less in-
tense and less clearly resolved in the juice
than in the water extracts. The juice ap-
peared to have a slightly higher concen-
tration of the myoalbumin group. No
mobile proteins were found in the juice
from the control sample. The difference
between the electrophoretograms of meat
juice and of water-soluble material from
cooked meat is clear but small, as stated
by Lee et al. (1966).

Figures 3 and 4 show the electropho-
retograms of water-soluble proteins and
juices, respectively, of meat samples held
at different temperatures. Band 11 could
not be seen in any of the heated samples,
but band 9 was detectable in the meat
held at 37°C. The myoglobins and myo-
albumins were little affected by holding
the meat at temperatures below 60°C.

Loss of solubility of the slowest-mov-
ing proteins occurs at the same points in
the heating schedule as do the largest
decreases in shear values and total
amount of water-soluble material re-

ported in our first paper. During the
60°C holding period, shear values and
content of water-soluble material re-
mained essentially constant in spite of the
apparent decrease in extractable myo-
globins. The weight loss of the meat does
not seem to be related to the electropho-
retically observable changes. There did
seem to be fewer extractable proteins in
samples having the higher weight loss.
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